X-ray mass attenuation coefficients for polycrystalline samples of magnesium and aluminium have been measured over the wavelength range 0.3 to 1.3 A. Estimates of the contributions from Bragg, thermal diffuse and Compton scattering have been made and the photoelectric coefficients deduced and compared with theoretical values. The photoelectric coefficient is found to be proportional to 23.09 for both materials. t(Mg) = 0.995 (3) mm, t(A1) = 0-970 (5) mm.
Introduction
The interaction between an X-ray beam and a crystalline material involves many physical processes. For the large wavelengths usually employed in the investigation of charge densities, the predominant effect is usually the photoelectric process but significant contributions to measured X-ray absorption coefficients come from Bragg, thermal and Compton scattering. Further, the amount of Bragg scattering depends on whether the sample is of a single crystal or a polycrystalline type and, in some cases, on preferred orientation and impurity content. This paper describes the measurement of the X-ray absorption coefficients for polycrystalline samples of magnesium and aluminium over the wavelength range from 0.3 to 1.3 fi, and the deduction from these results of the photoelectric coefficients.
Experimental
The X-ray mass attenuation coefficients were measured in a similar manner to those of graphite (Berry & Lawrence, 1979) , based on the method of Lawrence & Mathieson (1976) . The radiations used were the white radiation and some characteristic L lines from a tungsten target, each wavelength being measured by determining the 20 angle through which a large crystal of lithium fluoride was rotated in moving from the (002) to the (00:2) diffracting position, assuming a(LiF) = 4.0262 (1) A (Thewlis, 1955) .
The method involved measuring the attenuation of an X-ray beam through specimens of uniform thickness 0567-7394/79/050845-04501.00 as the angle between the incident beam and the normal to the surface, q~, was varied, nine values of ~0 being used at each wavelength. For the short wavelengths, the ~0 values were chosen such that 1/cos ~0 = n, where n took all integer and half integer values between one and five. For longer wavelengths, the attenuation became too great to allow transmission of the beam for n = 5 and the range of n was progressively reduced from 1 to 5 to 1 to 1.5 at the largest wavelengths, nine intensities being measured in each range.
The apparatus, method of monochromatizing the main beam, considerations of the spectral purity of the main beam, methods of detection and of measurement of intensities, the tolerances of the wavelength measurements and the final determination of the linear absorption coefficient ~t were as for the graphite study (Berry & Lawrence, 1979) .
Both samples were supplied by Goodfellow Metals of Cambridge. The main impurities in the aluminium sample (99.999%) were iron, magnesium and silicon, all having a concentration of less than three parts per million by weight and thus a negligible effect on the absorption coefficients. The magnesium sample was less pure (99.9%), the main impurity being silicon which can be neglected since its atomic number is similar to magnesium. However, the sample also contained 0-01% of both iron and chromium, resulting in the absorption coefficients being overestimated by 0.2% over the wavelength range and for this a small correction was applied. Diffraction photographs of the samples showed no evidence of preferred orientation.
The average thicknesses of the samples over the surfaces traversed by the X-ray beam were measured using a micrometer and verified by mass and area measurements. For aluminium, the graph was also linear above 0.65 A, the equation of the best straight line being ln(/u/p) o = 2.940 (7)In ). + 2.612 (2).
Results

Tables 1 and 2 show the values of the measured mass absorption coefficients (g/P)o at the various wavelengths, the magnesium coefficients being corrected for
Thus the wavelength dependences of the mass absorption coefficients of polycrystalline samples of magnesium and aluminium are the same. Weiss (1966) gives possible values of 2.75 (5), 2.91 (5) and 2.89 (5) for aluminium and 2.85 (5) for magnesium.
There have been few recent measurements of the mass absorption coefficient of magnesium reported. Table 3 Alonzo & Grodzins (1965) (AG) using 14-4 keV ~,-rays. Table 4 shows these authors' results with the corresponding values from this study, interpolated if necessary to the required wavelength. Also shown are the values quoted in International Tables for X-ray Crystallography (1974) which have been given uncertainties of 2%.
In determining the true polycrystalline X-ray mass absorption coefficient, the avoidance of systematic error is of the utmost importance. The main sources of error in absorption measurements arise from nonmonochromaticity of the main beam, preferred orientation in the samples, errors in the thickness measurements and the presence of impurities. The experimental technique used ensured that significant contributions from other wavelengths would have been detected and the diffraction patterns ruled out preferred orientation. The errors in the thickness measurements are the main sources of error for both samples. The MG aluminium results seem to be systematically 1% higher than the results quoted here and such a systematic difference could be partly accounted for by the uncertainties in the thickness measurements, provided they are true measures of the uncertainties in these measurements and not a measure of variations in the thicknesses of Millar & Greening (1974) ; C, Cooper (1965) ; DS, DeMarco & Suortti (1971) ; AG, Alonzo & Grodzins (1965) ; IT, International Tables for X-ray Crystallography (1974) .
the samples since these should not have systematic effects on (g/p). Corrections had been applied to the MG results for very small amounts of impurities.
For both materials, the values quoted here for Mo Ka radiation agree with those of DeMarco & Suortti (1971) which were corrected for impurity content but the values of Cooper (1965) for aluminium at Ag Ka and Mo Ka wavelengths are significantly greater.
However, there is no information regarding impurities for the samples used in this study.
Absorption measurements from polycrystalline samples include contributions from Bragg scattering, thermal diffuse scattering and Compton scattering as well as photoelectric absorption. The mass attenuation coefficients applicable to single crystals can be considered to be those for polycrystalline samples with corrections for Bragg scattering. DeMarco & Suortti (1971) have given the appropriate equations for determining the contribution of Bragg scattering to the mass absorption coefficient in the case of a cubic crystal structure and the equation has been adapted for the hexagonal case for magnesium. Using the notation of DeMarco & Suortti (1971) , the contribution to Bragg scattering in the hexagonal case is In Tables 1 and 2 the 'single crystal' mass absorption coefficients, (g/p)~, are listed and it can be seen that the effect of Bragg scattering ranges from about 5 % at the low wavelengths to 1% at the high wavelengths. The Debye-Waller factors used in the calculation were /~(Mg) = 1.43 A 2 (Capkova & Sedivy, 1977) and B(A1) = 0.849 A 2 (Dingle & Medlin, 1972) . Approximate corrections for thermal diffuse scattering can be made if it is assumed (DeMarco & Suortti, 1971 ) that the total thermal diffuse scattering is equal to the scattering lost from the Bragg reflection due to thermal vibrations. The correction for Bragg scattering and for thermal diffuse scattering can then be calculated assuming only Bragg scattering is present but with zero Debye-Waller factors. These combined contributions, (lu/p) s, are also shown in Tables 1 and 2 and can be seen to vary over the wavelength range from 10 to 1.5%. Azaroff, Kaplow, Kato, Weiss, Wilson & Young (1974) have calculated the Compton cross section for Mo Ka radiation and the contribution of Compton scattering to the mass absorption coefficient, (g/P)c, has been found to be magnesium (g/P)c = 0-14 x 102 mm 2 g-l, aluminium (g/p)~ = 0-13 x 102 mm 2 g-l. Hubbell, Veigele, Briggs, Brown, Cromer & Howerton (1975) have calculated incoherent cross sections at photon energies of 10, 15 and 20 keV. These show that the contribution to the absorption coefficient from Compton scattering decreases linearly with increasing wavelength over this range and give a result for Mo Ktt radiation which is in agreement with that of Azaroff et al. (1974) . Assuming this linearity, the contributions from Compton scattering were calculated and are shown in Tables 1 and 2. Finally, the observed mass absorption coefficients for the polycrystalline samples were corrected for these effects and the photoelectric absorption coefficient,
Stephenson (1976) has calculated photoelectric mass absorption coefficients for magnesium and aluminium from screened hydrogen-like eigenfunctions, determined from ionization potential screening constants for incomplete shells, over a range of characteristic wavelengths. Tables 5 and 6 (lu/p)t., and Hildebrandt, Stephenson & Wagenfeld (1975) at the same wavelengths by a similar method but using screening constants which were taken from averages of full shell values.
For magnesium, agreement between (lt/p)p and (lffP)t, is excellent, better than that between (#/p)p and (piP)t2, the latter results being rather low. For aluminium the better agreement at short wavelengths is between (lu/p)p and (#/P)t2 but at higher wavelengths, the (p/p), values again appear too low. However, Stephenson (1975) , using averaged screening constants, gives values of 2.24 x 102 and 4.62 x 102 mm 2 g-1 for the photoelectric mass absorption coefficients at 0.561 and 0.710 A respectively, in excellent agreement with (lu/p)p.
Graphs of In 2 against In (lu/p)p are linear over the whole range of wavelengths, unlike the graphs of In 2 against In (#/P)o. The equations of the best straight lines are magnesium ln(p/p)p = 3.087 (10) In 2 + 2.367 (5), aluminium ln(lu/p)p = 3.086 (12) In 2 + 2.567 (6).
The gradients are again identical, the applied corrections having increased them from 2-94 to 3-09. This similarity between th~se elements is not surprising considering their adjacent position in the periodic table.
